establish the normal range of branch PA diameters and it appears to be useful to compare the branch PA diameters in normal fetuses with that in cases of pulmonary hypoplasia.
diameters and PA Doppler waveform to determine the degree of pulmonary hypoplasia [5] [6] [7] [8] [9] . Sokol et al. [5] have proposed that fetal branch PA diameters correlated strongly with lung weights measured at autopsy. This study measured the normal range of the diameter of the main pulmonary artery (MPA), left pulmonary artery (LPA), right pulmonary artery (RPA) in the fetus. This allowed the calculation of the LPA to MPA (LPA/ MPA) ratio and RPA to MPA (RPA/MPA) ratio, which were independent of gestation. As a preliminary study, these branch PA diameters in the normal fetuses were compared with those in cases of congenital diaphragmatic hernia (CDH), which has a poor prognosis caused by pulmonary hypoplasia, even if found prenatally [10] .
Methods
Measurements were performed on a total of 175 mothers with singleton uncomplicated pregnancies at 18-40 weeks' gestation. They were measured for an internal diameter of MPA, LPA, and RPA including measurement of fetal growth. All patients were later delivered in our institution and displayed no anomalies in their neonates. Ultrasonography was performed by two sonologists.
Data were obtained using an Aloka SSD-3500 and SSD-5500 (Aloka Co., Tokyo, Japan) ultrasound system and a 3.5-MHz convex probe. LPA and RPA diameters were measured from frozen real-time images ( fig. 1 ). All measurements were done in the absence of fetal body movements and fetal breathing movement. MPA and branch PA diameters were measured from a cross-sectional view through the fetal chest at the level of the three-vessel view (MPA, ascending aorta and superior vena cava). We visualized the long axis of branch PAs when possible.
To compare with the normal pulmonary artery diameter, we retrospectively investigated fetuses in CDH. Five fetuses born at our institution between January 2001 and June 2006 were observed ( table 1 ). Case 5 had right CDH with minor anomalies. The remainder had left CDH without other anomalies. All fetuses in CDH were delivered by elective cesarean section. The 3 neonates (cases 1-3) survived, while the other (case 4) died.
Data were analyzed with Deltagraph software release 5.0 (Statistical Analysis System, Monterey, Calif., USA) and expressed as mean 8 SD. Figure 2 shows the relationship between the fetal branch PA diameters and gestational age in our study. Both LPA and RPA diameters were significantly correlated with gestational age (r = 0.78, p ! 0.01, respectively). . LPA diameter right before delivery was below the normal range in all cases. RPA diameter immediately preceding delivery was within the normal range in the surviving cases 1 and 3, and under lower limit of the norm in case 2 who survived and case 4 who died. Two surviving patients in CDH (cases 2 and 3) were below the normal range in LPA/ MPA but were within the normal in RPA/MPA. Case 4, the patient who died, was within the normal range for both LPA/MPA and RPA/MPA, except for the RPA/MPA measurement at 32 weeks' gestation.
Results

Discussion
Ultrasonography can be a non-invasive method to predict prenatal clinical pulmonary hypoplasia. To evaluate the degree of pulmonary hypoplasia, the lung-thoracic transverse area ratio [11, 12] and lung-head ratio [13] [14] [15] have been measured in patients with CDH, and the thoracic circumference/abdominal circumference ratio has been used in patients with premature rupture of membrane [16, 17] . Recently there have been some reports that pulmonary hypoplasia is related to the PA Doppler waveform [7, 9, [17] [18] [19] [20] . However, it is so difficult to measure PA at a particular interrogation angle while, in addition, there is also a low reproducibility when using this method. However, there have been several reports suggesting a relationship between pulmonary hypoplasia and the PA diameter [5, 6, 8] . Therefore, fetal branch PA diameter measurement is a potential method for evaluating pulmonary hypoplasia. This study investigated the normal range of LPA and RPA diameters. The normogram established an objective standard for comparison when pulmonary hypoplasia involving a fetal branch of pulmonary arteries of abnormal size is suspected. From this study, the branch PA diameters in normal fetuses were increased linearly with advancing gestation, and then the LPA diameter of CDH was below the normal range during the second half of pregnancy, whereas the RPA diameter was around the lower limit of normal.
In this study the MPA diameter was measured and the LPA/MPA and RPA/MPA ratios were calculated. These ratios were constant throughout normal gestation. Both LPA/MPA and RPA/MPA in patients with left lethal CDH were within the normal range in most gestational weeks. MPA diameter, as well as LPA and RPA diameters, in the patient with left CDH who died was also smaller than those who survived.
In conclusion, we suggest that the blood flow in the LPA decreased due to pressure from the herniated viscera and was distributed to the ductus arteriosus and RPA in cases with left CDH. However, the RPA diameter could not increase by pressure due to heart deviation to the right. Increasing blood flow per unit area would cause injury to the pulmonary arterial wall and then the pulmonary arterial wall would lose elasticity. Therefore, the RPA diameter would be thus expected to demonstrate slow growth during gestation and the neonate would thus have persistent pulmonary hypertension after birth [21] . In severe CDH, MPA and branch PAs would also demonstrate slow growth during gestation. Bargy et al. [22] reported that, beyond 30 weeks' gestation, the distal pulmonary arterial wall becomes thicker on both sides in terminal cases with left CDH and that the weight of the right lungs in left CDH is significantly smaller than in normal fetuses. This indicates that it would be affected by both left and right pulmonary function despite left CDH at third trimester of pregnancy, which is in agreement with the measurements reported in this study. Unfortunately, many more cases of CDH are necessary to prove this suggestion. However, it seems to be useful to compare the branch PA diameters in normal fetuses with that in fetuses with CDH.
In addition, in the case of prolonged preterm premature rupture of membrane and Potter syndrome, leading to pulmonary hypoplasia, the branch PA diameters might become smaller. Therefore, in consideration of pulmonary hypoplasia, the PA diameter must be considered.
